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(54) Abstract Title 

Vehicle thermal management system 

(57) A vehicle thermal management system comprises a refrigerant circuit system, an engine coolant circuit 
for engine thermal management and a heat exchanger means for enabling heat exchange between the 
refrigerant and the engine coolant. The heat exchanger means may comprise a condenser 1 for the refrigerant. 
The heat exchange may be metered or bypassed in predetermined demand profile situations. In an alternative 
embodiment the thermal management system includes a heat exchanger means for heat exchange between 
an emission exhaust system and a refrigerant circuit system. The heat exchanger means may be configured to 
act as an evaporator 4 for the refrigerant in the refrigerant circuit system. In a further embodiment the 
invention comprises a vehicle refrigeration circuit which includes a plurality of evaporators and condensers. 
The system may be used for dehumidifying air, climate control. 
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At least one*drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Vehicle Thermal M anagement Systems 

The present invention relates to vehicle thermal management 
systems and in particular to such systems including a 
refrigerant circuit system (typically a climate control 
refrigeration system) . 

Modern vehicles operate with improved engine efficiency. 
As a consequence, the amount of heat energy dissipated into 
the engine coolant circuit has reduced. This energy was 
traditionally relied upon to provide a heat source for the 
interior of the automobile, thereby facilitating in-vehicle 
comfort and safety. A market trend in response to this 
heat energy reduction is observed in the increased uptake 
of supplementary and auxiliary heat sources within modern 
vehicles. With the increased sophistication and technology 
of the modern automobile, this trend is further supported: 
heightened consumer expectation demands improved interior 
vehicle warm-up and windscreen def ogging/deicing during 
winter driving conditions. 

One conventional technique to improve cabin warm-up is to 
recirculate the cabin air. This method however, does have 
the limitation of increasing in-vehicle air humidity, 
thereby promoting misted windscreen conditions. Other 
warm-up solutions have mainly concentrated upon introducing 
additional heat sources, either directly into the cabin 
airflow (e.g. electric heating elements) , or indirectly 
into the engine coolant flow (e.g. fuel burning heater). 
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A more technically sophisticated solution is embodied in 
the heat pump system. A. heat pump, or reversed air 
conditioning system, can allow reject heat from an in-cabin 
condenser to supplement cabin air heating. Disadvantages 
5 of a simple reversal system include lack of 
dehumidif ication, and potential for the air-side heat 
exchanger acting as the evaporator to freeze in low ambient 
temperature conditions . 

10 Proposals to address such disadvantages have suggested the 
use of a third heat exchanger in-cabin within the air 
conditioning system, which only acts as a refrigerant 
condenser. The evaporator retains its function and the 
third heat exchanger becomes the active condenser, whilst 

15 the primary condenser (at the front of the vehicle -engine 
bay) is isolated from the circuit. The purpose of the 
arrangement is to utilise the heat from the condenser in 
addition to the heat available from the conventional heater 
core. Dehumidifying is achieved with this system via air 

20 passage over the evaporator. 

An improved system has now been devised. 

25 In a broad aspect, the invention provides a vehicle thermal 
management system comprising: 

(a) a refrigerant circuit system; 

3 0 (b) one or more other thermally active vehicle 
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sys terns; 

wherein heat exchange is facilitated between the 
refrigerant circuit system and the one or more other 
5 thermally active systems in accordance with a 

predetermined demand profile; the ..heat exchange being 
capable of being metered or bypassed in predetermined 
demand profile situations. 

10 Alternative thermally active vehicle systems may comprise 
the engine coolant system and/or the engine emission 
exhaust system. The system includes control means 
typically microprocessor control means arranged to operate 
the metering and by pass of the cross system heat exchange. 

The demand profile is preferably dependent upon one or more 
of engine coolant temperature; ambient climate temperature; 
cabin (vehicle) climate temperature; ambient climate 
humidity; cabin (vehicle) humidity. The system typically 
20 includes sensors inputting measured temperature and/or 
humidity parameters into the control means. 

According to a first major aspect, the invention provides 
a vehicle thermal management system comprising: 



25 



30 



(a) a refrigerant circuit system; and, 

(b) an engine coolant circuit for engine thermal 
management ; 
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Wherein heat exchanger means is provided for heat 
exchange between the refrigerant and the engine 
coolant . 

5 The heat exchanger means comprises a condenser for the 
refrigerant, typically configured to effect condensation of 
relatively high temperature, high pressure refrigerant . 

The system preferably includes bypass and/or metering means 
10 permitting the refrigerant circuit system to bypass the 
engine coolant system/refrigerant heat exchanger means, or 
permit a metered amount of refrigerant to pass. 

The system preferably further includes a further heat 
15 exchanger means arranged to transfer heat between another 
vehicle system (other than the engine coolant system) and 
the refrigerant circuit system. 

Beneficially, the further heat exchanger means is arranged 
2 0 to transfer heat between the vehicle exhaust emission 
system and the refrigerant circuit system. 

According to a further important aspect, the invention 
therefore provides a vehicle thermal management system 
2 5 comprising: 

(a) a refrigerant circuit system; and, 

(b) an engine emission exhaust system; 

30 
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Wherein heat exchanger means is provided for heat 
exchange between the emission exhaust system and 
the refrigerant circuit system. 

The heat exchanger means is configured to act as an 
evaporator for the refrigerant in the refrigerant circuit 
system. The evaporator acts as an evaporator for 
relatively low temperature, low pressure refrigerant. 

The system preferably includes bypass means permitting the 
refrigerant circuit system to bypass the exhaust 
system/ refrigerant heat exchanger means. 

According to a further aspect, the invention provides a 
vehicle refrigeration circuit system comprising: 

(a) an evaporator unit for cooling climate control 
air; 

(a) a condenser unit for heating climate control air; 
Wherein; 

(i) a further condenser is included, the further 
condenser dissipating heat outside the climate 
control airflow; and/or, 

(ii) a further evaporator is included, the further 
evaporator utilises heat (to effect refrigerant 
evaporation) from a heat dissipation source 
associated with the vehicle. 
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Preferred system features are recited in the appended 
claims and apparent from the following description relating 
to an exemplary embodiment described by way of example 
only, and with reference to the accompanying drawings, in 
5 which: 

Figure 1 is a schematic representation of an exemplary 
system in accordance with the invention; 

10 Figure 2 is a view of the system in operation in very cold 
(sub-zero) ambient temperatures ; 

Figure 3 is a view of the system in operation in cold 
ambient temperatures ; 

15 

Figure 4 is a view of the system in operation in 
comfortable ambient temperatures; 

Figure 5 is a view of the system in operation in warm 

2 0 ambient temperatures ; 

Figure 6 is a view of the system in operation in hot 
ambient temperatures ; 

25 

The invention system illustrated in Figure 1 represents a 
preferred embodiment for a vehicle thermal management 
system. 

3 0 The system is designed to exchange heat energy between the 
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air conditioning circuit, the engine cooling circuit, the 
engine exhaust circuit, and the ambient airflows. It 
consists of the main components as follows: 

Compressor (1) is the refrigerant pump of the system and 
acts to compresses the refrigerant vapour to high pressure 
and temperature to facilitate condensation in a condenser. 

Primary Condenser (2) is located at the front of the 
vehicle bay, behind the grill. This component is common 
with, and performs identical function to current vehicle 
air-conditioning condensers. 

A secondary Condenser (3 J is located * in- cabin' within air 
conditioning airflow enclosure (21), to provide a heat 
source that can be used to heat air prior to distribution 
into the interior vehicle space. This condenser (3) gives 
up heat to the air stream, whilst the evaporator component 
(4) in turn removes a fraction of this extra heat from the 
air stream during dehumidif ication, before exit into the 
cabin space. This cycle facilitates dehumidif ication and 
heating at low ambient temperature conditions, whilst 
reducing the risk of freezing on the surface of evaporator 
(4) . 

Evaporator (4) evaporates low pressure refrigerant, the 
heat of vaporisation being taken from the air passing 
across this component. Evaporator (4) cools the air passing 
across it, and this cooling encourages precipitation of 
moisture from the cooled air. It therefore performs a 



-8- 

dehumidifying function, in addition to cooling. 

Orifice Tube (5) performs irreversible, adiabatic expansion 
of condensed liquid into low pressure liquid ready for 
5 evaporation in evaporator component (4) and/or (11) . In 
the more sophisticated orifice tube designs, the orifice 
size can be varied to increase system flexibility in 
response to refrigeration demand fluctuation. 

10 The system includes a variety of valves to be operated to 
control fluid flow according to system demand requirements. 
Solenoid valves (6) are controlled, via an electrical 
signal, between their two conditions of either fully open 
or fully closed. They therefore control fluid flow within 

15 the circuits, effectively redirecting flow pathways within 
the system. 

Variable Valves (7) belong to a generic family of valve 
devices wherein the amount of flow through itself is 
20 controlled by the amount of valve free -flow area. 
Additionally, this free-flow area is responsive to an 
external signal, ideally varying between 0 and 100%. 

One-Way Valves (8) allow fluid flow through themselves in 
25 the one direction only (as indicated, only in the direction 
of the arrowhead graphic) . 

Accumulator (9) performs f our . functions . It acts as a 
reservoir for refrigerant that accommodates variation in 
30 demand from the circuit, it separates condensed liquid from 
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vapour to ensure only vapour passes to the compressor (1) , 
and employs a molecular sieve to remove any moisture from 
the circulating refrigerant, and entrap any particulate 
impurity. 

Sub-Condenser (10) comprises a heat exchanger designed to 
exchange heat between the refrigerant circuit and the 
engine cooling circuit. It may be described as a sub- 
condenser in reference to its function to facilitate the 
condensation of high temperature, high pressure vaporised 
refrigerant. The heat dissipated from the refrigerant 
during this condensation will be transferred to the engine 
cooling circuit, and can be used to warm the engine (15) or 
be dissipated in turn by the radiator (18) , depending upon 
the systems operational mode. 

Sub-Evaporator (11) comprises a heat exchanger designed to 
exchange heat between the refrigerant circuit and the 
engine exhaust circuit . It may be described here as a sub- 
evaporator in reference to its function to facilitate the 
evaporation of low temperature, low pressure liquid 
refrigerant. The heat required by the liquid refrigerant 
to achieve evaporation will be transferred from the hot 
engine exhaust gas, when this component (11) is operational 
(i.e. has a refrigerant flow through itself). 

A blower and Motor (12) draws air into the distribution and 
conditioning system, and drives the air through the system 
into the vehicle interior cabin via ducts and vents (14) . 
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Air inlet flow diverter 13 operates to either intake fresh- 
air from outside the vehicle, or to effect recirculating 
air- intake from inside the vehicle (or a proportion from 
each) . The respective proportions of each are determined 
5 by the position of the diverter flap (13) . The subsequent 
mixing and distribution of the airflow after passage across 
and through the heat exchangers (3,4) and any by-pass 
apertures is illustrated as a schematic function by the 
arrows labelled (14) . Various modes representing 

10 combinations of air distribution to the windscreen, face, 
foot or near vents could be accommodated, as required by 
the particular vehicle specification. 

Water pump (16) functions within the engine cooling 
15 circuit, circulating fluid through all components within 
the circuit under the influence of a created fluid pressure 
difference. The components in the engine coolant (water) 
circuit include a thermostat (17) , radiator (18) , and 
expansion tank (19) . Thermostat (17) is generally 
2 0 responsive to engine cooling fluid temperature, and 
controls flow through the front radiator component (18) and 
the radiator by-pass circuit. Radiator (18) facilitates 
heat transfer to the air passing across it. Ambient air is 
directed into the engine bay via grills and vents and 
25 allowed to pass across this component, thereby taking heat 
from the hot engine cooling fluid flowing within radiator 
(18), and consequently cooling this circuit fluid. 

Expansion tank (19) acts as a fluid reservoir for the 
30 engine cooling circuit, thereby facilitating fluctuating 
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fluid volume demands within the circuit as a consequence of 
variation in operating condition. 

Exhaust System (2 0) comprises pipework carrying the hot 
exhaust gas from the engine (15) and out to atmosphere. 
Typically, the Sub -Evaporator (11) will be connected around 
this exhaust system at some point downstream of any 
particulate or catalytic treatment area, to utilise the 
waste heat of the spent exhaust gases. 

The cabin air conditioning and distribution system (21) 
comprises components 3, 4, 12, 13 and 14, assembled into 
housings which are shaped to enable vehicle fit and 
required airflow function. 

The following modes of operation for the proposed system 
describe its beneficial designs: 

MODE 1 - Operation Purina Ambie nt TemngT-atures nf g£Y£Ee 

2 0 Cold and Sub- Zero 

(Figure 2 reflects operation of this system under those 
conditions described below) . 

25 During extreme cold conditions, the principle requirement 
for the vehicle operator would be to heat the in-cabin 
environment. However, from an engine emissions standpoint, 
the greatest benefit would be to heat the engine, thereby 
improving mechanical efficiencies and lowering exhaust 

3 0 emissions. We therefore have two requirements for the 
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system. 

It is envisioned that the vehicle heating cycle could use 
the following sequence. Once the engine is started, an 
5 automatic delay might operate before the refrigeration 
cycle will start. This pre-determined time corresponding 
to the ambient temperature, possibly delaying the 
activation of the compressor (1) if the ambient 
temperatures are too severe. Once the compressor (1) can 

10 activate, it will start to circulate the refrigerant at the 
minimum flow rate setting. From sensing the external 
temperature levels to be below a determined lower limit, 
the air-intake (13) could adjust to facilitate complete air 
recirculation; external air would not be allowed access 

15 inside the in-cabin system. Air drawn from inside the 
vehicle, through action of the blower unit (12), woul-d be 
directed across the Secondary Condenser (3) and Evaporator 
(4) . High pressure/temperature refrigerant vapour would be 
directed, under the action of component (1) and valves (€) , 

2 0 through the Sub- Condenser (10) and onto the Secondary 

Condenser (3) . Upon entering these condensers, the 
refrigerant vapour is encouraged to condense via heat 
exchange, with either or both the engine cooling fluid flow 
through unit (10) and airflow across unit (3), and thereby 
25 release its latent heat of condensation. This heat will 
raise the temperatures of either or both the engine cooling 
fluid (and consequently the engine itself) and the airflow 
into the cabin. The relative split of heat fraction to the 
air and engine circuit can be controlled through judicious 

3 0 control of valve (6) in the engine cooling circuit, and the 
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airflow speed of blower (12) . 



Upon exit from unit 3, refrigerant liquid (and any residual 
vapour) would be directed, under the influence of valves 
(6) and (7) toward the orifice tube (5), located prior to 
Sub-Evaporator (11) inlet. This orifice (5) facilitates 
irreversible, adiabatic expansion of condensed liquid into 
low pressure liquid ready for evaporation within component 
(11). Upon entry into the Sub -Evaporator (11), the 
refrigerant liquid is encouraged to evaporate via heat 
exchange with the exhaust gas flowing within component (2) , 
thereby drawing the latent heat for vaporisation from this 
waste-gas flowstream. Upon exit from (11) , refrigerant 
vapour (including any residual liquid) would be directed 
into accumulator (9). Within component (9), the 

refrigerant is filtered, desiccated, stored and separated 
from any residual liquid fraction. This action ensures 
only low pressure vapour is drawn from component (9) to 
enter the compressor component (1), thereby completing the 
cycle . 

If any dehumidif ication of cabin airflow is required during 
this operational cycle, valve (7) could partially close and 
facilitate a bleed of refrigerant through Evaporator (4) 
via orifice tube (5) . Evaporation of refrigerant within 
component (4) would consequently cool the cabin air, 
thereby reducing its moisture content. Alternatively, flap 
(13) could allow ambient airflow (with its lower moisture 
fraction) to mix with the recirculated airflow and thereby 
reduce humidity. Obviously, these separate actions could 
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occur in parallel, depending upon what method offered the 
best control strategy. 

MODE 2 - Operation Purina Cold Ambient T emperatures Above 
Freezing 

(Figure 3 illustrates the potential circuits that could be 
activated under such conditions) . 

Again, the principle requirements would be to heat the in- 
cabin environment, and to minimise exhaust emissions • 
Operational functions and circuits would be identical to 
that for MODE 1 above, and are consequently not repeated 
here. The only major difference in this mode is the 
expectation that the recirculated air versus fresh air 
ratios for intake mixtures will reach fractions 
representing increased fresh air proportion at shortened 
timescales . 

When ambient temperature are cool, only small levels of 
heating might be required in-vehicle. Under such 

conditions, air drawn from outside the vehicle, through 
action of the blower unit 12, would be directed, across the 
Secondary Condenser (3) and Evaporator (4) . By judicious 
control of the heat transfer duty across/within the 
Secondary Condenser (3), Evaporator (4), Sub-Condenser (10) 
and Sub- Evaporator (11) , in conjunction with the intake- to- 
recirculated air mix (diverter 13), conditioned air into 
the cabin can be facilitated, for both temperature and 
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humidity. 

MODE 3 - Operation Purina C omfortable Ambient Temperatures 
(Figure 4 illustrates such operation) . 

During such mild conditions, the requirement might be for 
fresh air only to be allowed ingress into the cabin. In 
such a mode, both the Secondary Condenser (3)" and 
Evaporator (4) will be inoperable, and possibly by-passed 
with respect to the airflow. 



Air drawn from outside the vehicle, through action of the 
blower unit 12, and is either directed across or around 
15 heat exchanger (3) and (4). Minimal heat exchange should 
take place during passage across components (3) and (4), 
because the refrigeration circuit would be non-operational. 
Unconditioned air would then be directed to the mixing and 
distribution section 14, and subsequently into the car 
interior airspace via ducts and vents. 



MODE 4 - Operation of Air-Conditioni n o During Warm Ambient 
Tempe r a t ur e s 

25 (This operational mode is illustrated in Figure 5) . 

During such warm conditions, the requirement might be for 
fresh air to be allowed ingress into the cabin at a 
specific temperature. Air drawn from outside the vehicle, 
through action of the blower unit (12), would be directed 



30 
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across, or around if by-passed, the Secondary Condenser 
(3) , and onto the Evaporator (4) . This could achieve a set 
air temperature condition prior to distribution into the 
vehicle interior. 

In this mode, the conventional refrigeration cycle woul<i 
operate. Compressor (1) can engage, and high 

pressure/temperature refrigerant vapour be directed, under 
the influence of valves (6) to the Primary Condenser (2) . 
Upon entering the primary condenser (2) , the refrigerant 
vapour is encouraged to condense via heat exchange with the 
underbonnet airflow across unit (2), thereby releasing the 
latent heat of condensation to the underbonnet air- stream 
and raising its temperature. Upon exit from unit (2), 
refrigerant liquid (and any residual vapour) travels toward 
the orifice valve component (5). (The circuit loop 
containing the Secondary Condenser (3) and Sub-Condenser 
(10) is rendered redundant by the action of valves (6).) 
The orifice valve (5) facilitates irreversible, adiabatic 
expansion of condensed liquid into low pressure liquid 
ready for evaporation in component (4) . To avoid flow by- 
passing Evaporator (4) , the variable control valve (7) 
should be fully closed. Upon entry into the evaporator, 
the refrigerant liquid is encouraged to evaporate (within 
the evaporator unit) via heat exchange with the airflow 
across unit (4) (outside the evaporator unit), thereby 
drawing the latent heat for vaporisation from the air- 
stream and lowering its temperature. Upon exit from unit 
(4) , refrigerant vapour travels back to the compressor (1) , 
via Accumulator (9) to separate any remaining liquid 
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fraction from the evaporated refrigerant. The action of 
valves (6) also avoid flow to the Sub-Evaporator (11) . 



Returning consideration to the air stream, fresh air is 
allowed passage across (or around) an inoperable component 

(3) . This air then impacts upon the operational evaporator 
unit (4) . Heat exchange takes place across component (4), 
resulting in the consequent lowering of the air temperature 
to the required temperature level. Additionally, 
dehumidification is encouraged because the vapour 
solubility for moisture is reduced with reducing 
temperature; moisture from the air stream is encouraged to 
condense upon the colder surface of component (4) . 
Conditioned air with reduced humidity exits from component 

(4) and is directed to the mixing and distribution section 
14, and subsequently into the car interior airspace via 
ducts and vents . 

MODE 5 - Operation of Ai r-Pnn ditionina Purina Hot Ambient- 
Temperatures 



(This operational mode is illustrated in Figure 5) . 

During hot conditions, the requirement would be for cooled, 
fresh air to be allowed ingress into the cabin at a 
specific temperature. Air drawn from outside the vehicle, 
through action of the blower unit (12), would be directed 
across, or around if by-passed, the Secondary Condenser 
(3), and onto the Evaporator (4). The cooling effect of 
Evaporator (4) could achieve a set air temperature 
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condition prior to distribution into the vehicle interior. 

In this mode, the conventional refrigeration cycle would 
operate. Compressor (1) can -engage, and high 

5 pressure/ temperature refrigerant vapour be directed, under 
the influence of valves (6) to the Primary Condenser (2) . 
Upon entering the primary condenser (2) , the refrigerant 
vapour is encouraged to condense via heat exchange with the 
underbonnet airflow across unit (2), thereby releasing the 

10 latent heat of condensation to the underbonnet air- stream 
and raising its temperature. Upon exit from unit (2), 
refrigerant liquid (and any residual vapour) travels toward 
the orifice valve component (5) . (The circuit loop 
containing the Secondary Condenser (3) and Sub-Condenser 

15 (1) is rendered redundant by the action of valves (6) .) 
The orifice valve (5) facilitates irreversible, adiabatic 
expansion of condensed liquid into low pressure liquid 
ready for evaporation in component (4) . To avoid flow by- 
passing Evaporator (4), the variable control valve (7) 

2 0 should be fully closed. Upon entry into the evaporator, 
the refrigerant liquid is encouraged to evaporate (within 
the evaporator unit) via heat exchange with the airflow 
across unit (4) (outside the evaporator unit) , thereby 
drawing the latent heat for vaporisation from the air- 

25 stream and lowering its temperature. Upon exit from unit 
(4) , refrigerant vapour travels back to the compressor (1) , 
via Accumulator (9) to separate any remaining liquid 
fraction from the evaporated refrigerant. The action of 
valves (6) also avoid flow to the Sub -Evaporator (11) . 

30 
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Returning consideration to the air stream, fresh air is 
allowed passage across (or around) an inoperable component 

(3) . This air then impacts upon the operational evaporator 
unit (4) . Heat exchange takes place across component (4) , 
resulting in the consequent lowering of the air temperature 
to the required temperature level. Additionally, 
dehumidif ication is encouraged because the vapour 
solubility for moisture is reduced with reducing 
temperature; moisture from the air stream is encouraged to 
condense upon the colder surface of component (4) . 
Conditioned air with reduced humidity exits from component 

(4) and is directed to the mixing and distribution section 
14, and subsequently into the car interior airspace via 
ducts and vents. 

An additional functionality can be achieved by allowing at 
least part of the thermal duty of refrigerant condensation 
to be dissipated into the engine cooling circuit via the 
Sub- Condenser (10) . As Figure 6 illustrates, this could be 
achieved utilising a simple by-pass and valve (22) to split 
refrigerant flow through the Sub- Condenser (10) and Primary 
Condenser (2) . (Under operational Modes 1 to 4 previously, 
this by-pass flow could be avoided through the closing 
action of valve 22.) This by-pass flow could have 
potential benefit for improving cabin-cooling under 
vehicle-idling conditions. With reduced (minimum) airflow 
through the condenser, additional heat dissipation can be 
delegated to the engine cooling circuit via heat exchanger 
in the Sub-Condenser (10) . This will obviously require 
algorithmic control, to ensure that additional cooling 
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duties demanded from the engine cooling circuit do not 
exceed the capability of the circuit. 

This operational mode is illustrated in Figure 6. 
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Claims : 



10 



A vehicle thermal management system comprising: 

(i) a refrigerant circuit system; and, 

(ii) an engine coolant circuit for engine thermal 
management ; 

Wherein heat exchanger means is provided for heat 
exchange between the refrigerant and the engine 
coolant . 



15 2. A vehicle thermal management system according to claim 
1, wherein the heat exchanger means comprises a 
condenser for the refrigerant. 

3 . A vehicle thermal management system according to claim 
20 1 or claim 2, wherein the refrigerant /engine coolant 

heat exchanger means is configured to effect 
condensation of relatively high temperature, high 
pressure refrigerant. 

25 4. A vehicle thermal management system according to anv 
preceding claim, including bypass means permitting the 
refrigerant circuit system to bypass the engine 
coolant system/ refrigerant heat exchanger means. 
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A vehicle thermal management system according to any 



preceding claim, wherein the system includes a 
refrigerant condenser in the climate control airflow. 

A vehicle thermal management system according to claim 
5, wherein the refrigerant condenser in the climate 
control airflow is downstream in the refrigerant 
circuit of the engine coolant/refrigerant heat 
exchanger means. 

A vehicle thermal management system according to claim 
5 or claim 6, wherein the system is configured to 
permit condenser work to be divided or metered between 
the refrigerant condenser in the climate control 
airflow coolant/refrigerant heat exchanger means, 

A vehicle thermal management system according to any 
preceding claim including a refrigerant condenser 
(primary condenser) disposed outside the climate 
control airflow path. 

A vehicle thermal management system according to claim 
8, configured to permit switching or metering of 
refrigerant between the refrigerant /engine coolant 
heat exchanger and the primary condenser. 

A vehicle thermal management system according to any 
preceding claim including a refrigerant evaporator in 
the climate control airflow path. 

A vehicle thermal management system according to claim 
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10, further including a refrigerant condenser in the 
climate control airflow, the refrigerant evaporator 
being airflow downstream of the condenser. 

A vehicle thermal management system according to any 
preceding claim including a further heat exchanger 
means arranged to transfer heat between another 
vehicle system (other than the engine coolant system) 
and the refrigerant circuit system. 

A vehicle thermal management system according to claim 
12, wherein the further heat exchanger means is 
arranged to transfer heat between the vehicle exhaust 
emission system and the refrigerant circuit system. 

A vehicle thermal management system comprising: 

(i) a refrigerant circuit system; and, 

(ii) an engine emission exhaust system; 

Wherein heat exchanger means is provided for heat 
exchange between the emission exhaust system and 
the refrigerant circuit system. 

A vehicle thermal management system according to claim 
12, wherein the heat exchanger means is configured to 
act as an evaporator for the refrigerant in the 
refrigerant circuit system. 
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A vehicle thermal management system according to claim 
13, wherein the evaporator acts as an evaporator for 
relatively low temperature, low pressure refrigerant. 

A vehicle thermal management system according to any 
of claims 12 to 14, wherein the system includes bypass 
means permitting the refrigerant circuit system to 
bypass the exhaust system/ refrigerant heat exchanger 
means . 

A vehicle refrigeration circuit system comprising: 

(i) an evaporator unit for cooling climate control 
air; 

(ii) a condenser unit for heating climate control air; 
Wherein; 

(a) a further condenser is included, the further 
condenser dissipating heat outside the climate 
control airflow; and/or, 

(b) a further evaporator is included, the further 
evaporator utilises heat (to effect refrigerant 
evaporation) from a heat dissipation source 
associated with the vehicle. 

A vehicle thermal management system according to claim 
18, wherein the further evaporator utilises heat from 
the engine emission exhaust system. 



A vehicle thermal management system according to claim 
18 or claim 19, wherein the condenser dissipates heat 
to the engine coolant circuit of the vehicle. 

A vehicle thermal management system comprising: 

(a) a refrigerant circuit system; 

(b) one or more other thermally active vehicle 
systems ; 

wherein heat exchange is facilitated between the 
refrigerant circuit system and the one or more other 
thermally active systems in accordance with a 
predetermined demand profile; the heat exchange being 
capable of being metered or bypassed in predetermined 
demand profile situations. 

A vehicle thermal management system according to claim 
21, wherein an alternative thermally active vehicle 
system comprises the engine coolant system and/or the 
engine emission exhaust system. 

An vehicle thermal management system according to 
claim 21 and claims 22, wherein the demand profile is 
dependent upon one or more of: 



engine coolant temperature; 
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ambient climate temperature; 

cabin (vehicle) climate temperature; 

ambient climate humidity; 

cabin (vehicle) humidity. 

A vehicle thermal management system substantially as 
herein described with reference to the accompanying 
drawings . 
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